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What we know about neutrinos

e They oscillate between their three
flavours (vﬂ, v, andv ) as they propagate
through space-time.

o  Thisimplies they have mass!
m Butnotin original Standard
Model formulation.

e \We know the absolute difference
between their masses.

e \We know mixing between neutrino
flavours is much larger than mixing
between quarks.

More details in last Monday's lecture.
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https://indico.lip.pt/event/1652/contributions/5311/attachments/4321/6775/cvilela_minischool_neutrinos_2024.pdf
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What we don't (yet) know s
g 10 F L
e What is the lightest of the neutrino masses? £ 107 § L

e Are there symmetries in the neutrino mixing pattern? 10 -~ LA SRR A--c-GeV
e Do neutrinos and antineutrinos oscillate with equal 108 VvV ou W s ]
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e Are neutrinos their own antiparticles (Majorana vs Dirac)* o v oe E
e Whatis the absolute mass scale of neutrinos? 107 :
10 =

e Answering the above will lead to a deeper understanding of: Tk DVAVAVAVAVAVAV AV JkeV
o  Matter-antimatter (a)symmetry in the Universe. i 2 ks
o  The nature of mass.
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th’r we don't (yet) know

What is the lightest of the neutrino masses?
e Are there symmetries in the neutrino mixing pattern?
e Do neutrinos and antineutrinos oscillate with equal

probabilities?

e Are neutrinos their own antiparticles (Majorana vs Dirac)?
e What is the absolute mass scale of neutrinos?

e Answering the above will lead to a deeper understanding of:

o  Matter-antimatter (a)symmetry in the Universe.

o  The nature of mass.

normal hierarchy (NH)

m2 A

inverted hierarchy (IH)
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The SNO+ Detector

e Located at adepth of 2 km
o 5900 metre water equivalent

o ~B63 cosmic-ray muons / day
m O(100)/m?/s at the surface

‘3 Pa
Acrylic Vessel (AV)
12 m diam., 5 cm thick Ay

\

As of April 2022 905 tonnes of ultra-pure water
fully filled and < v
taking data T —

780 tonnes of Liquid Scintillator

\

+ 3.9 tonnes of natural Tellurium
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Double-beta decay sensitivity

Reminder:
Neutrinoless double-beta decay occurs only if neutrinos are their own antiparticles!

Depending on nuclear models, SNO+ can have leading sensitivity

e Possible to increase Tellurium loading from 0.5 to 3% and do even better! /\
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SNO+ Water Phase (2017-2019
Ratio between
data and MC
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Events / MeV

SNO+ Water Phase (2017-2019
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First evidence of reactor antineutrinos
in a Cherenkov detector!

PHYSICAL REVIEW LETTERS f ACCELERATORS AND DETECTORS | RESEARCH UPDATE

. . - v Reactor antineutrinos detected in pure waterin an
Highlights Recent Accepted Collections  Authors FEEEES Search Press  About Editorial Teal » K .
i experimental first
= 28 Mar 2023
) s
Evidence of Antineutrinos from Distant Reactors Using Pure Water
at SNO-+
A. Allega et al. (The SNO- Collaboration)
Phys. Rev. Lett. 130, 091801 - Published 1 March 2023 F




SNO+ Scintillator Phase (2020+2022-now)
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Reactor antineutrino measurement in

scintillator

Solar neutrino measurement in
scintillator




SNO+ timeline
2017 2018 2019 2020 2021 2022 2023 2024
e | ] __ﬁAA

May - December 2017 + April - October 2020 April 2022 - now
October 2018 - June 2019 (92 gold physics days) Full fill detector with
SNO+ water phase Bonus phase: half-filled scintillator
detector with scintillator 2.2 g/ PPO
0.6 g/L PPO + bisMSB (from July 2024
—— 2023) Test of the TeA
~ i
purification plant
UG
~780 t LAB+PPO
R gy From 2025
o ' Start count with Te

Over one year of data with the

detector filled with liquid scintillator
and full PPO concentration.
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SNO+ student projects:
with scintillator data

e Measure reactor antineutrino oscillations and its backgrounds
o Coincidence tagging helps reduce backgrounds
o Help clarify current ambiguity between solar
experiments and the KomLAND experiment.
o Possibly detect the first geo-neutrinos in North America?

Counts /0.1 MeV / year
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e Fully understand the radioactive background sources in the 3 Fleegioln
region of interest for neutrinoless double-beta decay. 8 " of |

o Background tagging techniques E interest

m U, Thand (alpha,n) decays/reactions in the current 3 : :

scintillator data.
m Identify any other background source that might
fall in that region.

CONTACTS

José Maneira maneira@lip.pt
Valentina Lozza vlozza@lip.pt

23 24 = 25"

2.6

I OvpBB (100 meV)
o 2vpp

N (o, n)

I U chain

[ Th chain

[ External

I °B VES

[/ Cosmogenic

2.7 2.8 29 3
Reconstructed Energy (MeV)


mailto:maneira@lip.pt
mailto:vlozza@lip.pt

DEEP UNDERGROUND
NEUTRINO EXPERIMENT

Sanford
Underground
Research
Facility

Far
Detector

u

Detector

vvvvv
wonou

vvvvv
wonou

e ————
s

SEEN

Fermilab

v, disoppeoronce:

(@)

(@)

923, Am

CP mass ordering




A

e ProtoDUNE ¢

\




Liquid-argon time-projection chamber

Advanced detector technology to meet DUNE's high-precision requirements.
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Calibrating LArTPCs with lasers

@ Laser box ||Laser box |

- 2
Liquid argon level ;
..l........'......l... —/,',, |
g Optical feedthroughs~ L iy
. o and periscopes \__' e AVaray
. Steerable . \E ,f. |
. cold mirrors . \E}r] ‘
: : i
g Field Cage - .i/,lf_‘
Cryostat I ,
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s

e Precise measurements need well calibrated detectors!
e Two periscopes with lasers to be tested in ProtoDUNE.
o  Designed and built by LIP and Los Alamos National Laboratory.
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Optical feedthroughs .
and periscopes

Steerable
cold mirrors

Field Cage .

Cryostat

e Precise measurements n
e Two periscopes with lase|
o  Designed and built




Oscillafion measurements

1: Take data with moveable near detector.
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DUNE's near detector will be on rails!
o Innovative strategy to significantly improve the
precision of the experiment.

New analysis methods need to be developed to fully
exploit this capability of the experiment.
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DUNE student projects

e Cdlibration laser simulation and data analysis [Lisboa/Coimbra]
o Model the ionization of liquid argon by laser beams.
o Develop analysis methods to measure the detector performance.
m Electron lifetime, recombination, ...
e Cadlibration laser electronics, control and data acquisition [Coimbra]
o Interface with DUNE data acquisition, automatize calibration data taking,
provide precise alignment data.
e Bismuth-207 source at ProtoDUNE and other TPCs [Lisbod]
o Simulate the response and analyse the data of ProtfoDUNE and other TPCs
with a Bi-207 source to measure electron lifetime, diffusion, stability

e Data-driven analysis with DUNE-PRISM [Lisbod]
o Develop novel analysis methods for data-driven constraints on neutrino
mixing parameters using DUNE simulation.
o Explore machine learning approaches to take intfo account near and far
detector responses. CONTACTS

José Maneira maneira@lip.pt

Fernando Baréo barao@lip.pt

Nuno Barros barros@lip.pt
Cristovado Vilela cvilela@cern.ch
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